Abstract: A pot experiment was conducted to study the effect of arbuscular mycorrhiza, cowdung and phosphorus on red amaranth and Indian spinach in the net house of the Department of Agricultural Chemistry, Bangladesh Agricultural University, Mymensingh. The experiment was laid out in a Completely Randomized Design (CRD) with five replications and 8 treatment combinations comprised of T 1 : Control, T 2 : Arbuscular mycorrhiza (AM), T 3 : Cowdung (CD), T 4 : Phosphorus (P), T 5 : AM + CD, T 6 : CD + P, T 7 : AM + P and T 8 : AM + CD + P. Red amaranth (Amaranthus tricolor L.) cv. BARI Lalshak-1 and Indian spinach (Basella alba) cv. BARI Puishak-1 were used as test crops for the experiment. The experimental results showed that there were significant differences in growth and yield characters such as plant height, plant diameter, number of leaves per plant, shoot fresh and dry weights, root fresh and dry weights of red amaranth and Indian spinach due to the application of arbuscular mycorrhiza (AM), cowdung (CD) and phosphorus (P) independently and combinedly. When arbuscular mycorrhiza, CD and phosphorus were applied combinedly, it exhibited a remarkably higher response in growth and yield of these vegetables.
INTRODUCTION
The arbuscular mycorrhiza (AM) helps most of the plant species in the uptake of moisture and nutrients from the soil by forming symbiotic association with roots (Marschner & Dell 1994) . Arbuscular mycorrhizas (AMs) are a unique example of symbiosis between two eukaryotes, soil fungi and plants. This association induces important physiological changes in each partner that lead to reciprocal benefits mainly in nutrient supply (Balestrini & Lanfranco 2006) . The external AM hyphae extend several centimeters from the infected root surface and help in the exploration of greater soil volume to absorb nutrients and moisture from the soil. Besides, they increase the rate of photosynthesis and enhance production of growth regulating substances in the host plants (Danneberg et al. 1993) . The benefit of mycorrhizae to plant nutrients is especially phosphorus. Because of such benefits, the AM fungi can be used as bio-fertilizer for enhancing growth and yield of most crop plants.
Field responses were often unsatisfactory; especially in high-input agricultural systems where it is concluded by many that the mycorrhizae had little practical importance in agriculture. It is a well-documented fact that the host plant is enormously benefited due to AM association. Certainly, agriculturists should appreciate the distribution of mycorrhizae within their systems and understood the impact of their management decisions on mycorrhizal functioning. With the fungi, much less fertilizer is needed, reducing the sort of over-fertilization that leads to runoff and contamination of ground water. In Bangladesh, last few years much research has been carried out on different crops to find out the effect vesicular-arbuscular mycorrhiza fungi. Large numbers of VA-mycorrhizal fungi have been detected in different soil types for identification and inoculums production, and for use in nurseries and the field as an alternative to chemical fertilizers and pesticides, and to progress towards nature farming.
Phosphorus is one of the major limiting plant nutrients in soils world over. The presence of phosphorus in the soil encourages plant growth because phosphorus is essential mineral macronutrients. Most of the essential plant nutrients, including phosphorus, remain in insoluble form in soil (Abd-Alla 1994 , Yadav & Verma 2007 . Most agricultural soils contain large reserves of phosphorus, a considerable part of which has accumulated as a consequence of regular applications of P fertilizer (Richardson & Simpson 2011) . A large portion of soluble inorganic phosphate when applied on soil as chemical fertilizer is rapidly immobilized soon after application and becomes unavailable to plants (Harrison et al. 1972 , Yadav & Verma 2007 . The fixation of native and applied phosphorus either by adsorption or by chemical precipitation is generally considered the main cause of its low availability to crops in vast majority of soils. Therefore, the release of insoluble and fixed forms of phosphorus is an important aspect of increasing soil P availability.
Soil fertility deterioration is a major constraint for higher crop production in Bangladesh. Due to increasing land use intensity, inadequate and unbalanced use of chemical fertilizers, little or no use of organic manure the fertility of our soils were deteriorating which caused declining of crop production. Soil organic matter is a key factor for sustainable soil fertility and crop productivity. Losses of soil organic matter can only be replenished in the short term by application of organic matter such as manure (Glaser et al. 2001) . Cowdung is one of the most important organic materials and good source of organic matter. Cowdung releases nutrient slowly so that nutrient loss is less followed by more plant uptake. It is quite promising to use of organic manure and chemical fertilizers in integrated manner for soil fertility. The present day concern about global environmental pollution can be reduced to a considered extent by the judicious use of chemical fertilizers and increasing the use of organic manure.
Red amaranth (Amaranthus tricolor L.) and Indian spinach (Basella abla L.) both are the important leafy vegetables in Bangladesh member of the family Amaranthaceae Basellaceae, respectively. Red amaranth has been growing in Bangladesh both in winter and summer seasons. It can be harvested within a very short time. Indian spinach is a perennial plant. In cooler areas, it can be grown as an annual during the warmer pant of the year. It is a soft-stemmed vine. The green leaves are thick and semi-succulent. Indian spinach is a very fast growing vine and grows in full sunlight but slowly in high pH soils. Both the crops are very tasty and nutritious.
The demand for organic vegetables is increasing notably among the health conscious people in our country like elsewhere of the globe. Different leafy vegetables are widely grown throughout the country usually with high doses of chemical fertilizers along with or without organic manure. Because of the beneficial effects of AM fungi on crop plants, it was assumed that combined application of AM fungi with chemical fertilizers and organics manure might improve growth and yield of leafy vegetables. The rate of application of chemical fertilizers might also be reducing with the use of AM bio-fertilizer. This would help reduce the adverse effect of high dose of chemical fertilizer on soils and the cost of production would also be reduced. Keeping the above viewpoint, these experiments were undertaken to evaluate the response of arbuscular mycorrhiza, cowdung and phosphorus on the growth and yield of red amaranth and Indian spinach.
MATERIALS AND METHODS

Experimental site and location
The experiment was conducted in the net house of the Department of Agricultural Chemistry, Bangladesh Agricultural University, Mymensingh. The climate of the experimental area was under the sub-tropical climatic zone.
Collection and preparation of soil sample
The soil used in this experiment was collected from Central Farm of Bangladesh Agricultural University, Mymensingh. The soil was dried and the clods were broken and sieved to remove weeds, stubbles and hard clods. Before starting the experiment, the soil was analyzed primarily for its physical and chemical properties.
Organic carbon, soil pH, soil texture, cation exchange capacity, total nitrogen, available phosphorus, exchangeable potassium, available sulphur were analyzed. 
Analysis of cowdung
Cowdung manure was analyzed for assessing the constituents of N, P, K, S, Ca, Mg and Fe following the standard methods used for analysis. Total N (%)=1.28, P (%)=0.60, K (%)=1.65, Ca (%)=0.43, Mg (%)=0.28, S (%)=0.16, Fe(%)=14.47.
Test crops
Red amaranth cv. BARI Lalshak-1 and Indian spinach cv. BARI Puishak-1 were used as plant materials for the experiment. The seeds were collected from Horticulture Research Centre, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur.
Treatment combination and experimental design
There were eight treatment combinations for each test crop. The experiment was laid out in Completely Randomized Design (CRD) with five replications and total treatment combinations were 40. T 1 =Control, T 2 = AM, T 3 =CD, T 4 =P, T 5 =AM+CD, T 6 =CD+P, T 7 =AM+P, T 8 =AM+CD+P. 
Application of arbuscular mycorrhizal (AM) fungi in soil and sowing of seed
Soil based AM inoculum was used in the seed furrows of about 3 cm depth at the rate of 80 g/polybag. Then seeds of each test crop were sown in each furrow on AM inoculums and covered them by side soil. After sowing the seed, the soil was saturated with water.
Collection of data
Plant height, Plant diameter, Total number of leaves per plant, Shoot and root fresh weights, Root length, Shoot and root dry weights of red amaranth were recorded after 36 DAS and of Indian spinach after 50 DAS, 80 DAS and 110 DAS.
Statistical analyses
Analysis of variance was done following the Completely Randomized Design (CRD) with the help of computer package MSTAT developed by Russel (1984) . The data were analyzed statistically by F-test (Gomez & Gomez 1984) . The mean differences of the treatments were adjusted by the least significant difference (LSD) test.
RESULTS
Effect of arbuscular mycorrhiza, cowdung and phosphorus on growth and yield contributing characters of red amaranth Plant height and diameter
Application of AM, CD and P significantly (P≤0.01) influenced the plant height and diameter of red amaranth (Table 2 ). Combined application of AM, CD and P increased plant height and diameter. The highest plant height and diameter was recorded from T 8 treatment (AM + CD + P) which was statistically identical with T 6 treatment (CD + P) in the case of plant height and T 7 treatment (AM + P) in the case of diameter. The lowest plant height and diameter was obtained in T 1 (control) treatment. Results suggested that AM biofertilizer along with phosphorus and CD application exert a positive effect on plant height and diameter of red amaranth. Application of only AM, CD and P showed significantly higher plant height and diameter over control plant.
Number of leaves per plant
Significant (P≤0.01) effect of AM, CD and P was found on number of leaves per plant in red amaranth ( Table 2 ). The highest number of leaves per plant was observed in T 8 where AM, CD and phosphorus were applied. The treatment T 6 (CD + P), T 5 (AM + CD), T 4 (P), T 3 (CD) and T 2 (AM) all were statistically identical. It was noted that the number of leaves per plant increased successively with the application of AM.
Fresh and dry weight per plant
Significant (P≤0.01) variation in fresh and dry weight of red amaranth was observed due to the effect of AM, CD and P (Table 2 ). It was observed that the maximum plant fresh and dry weight was recorded in T 8 (AM + CD + P) that was significantly higher than all other treatments. The lowest fresh and dry weight was obtained in treatment T 1 (control). Combined effect of AM and P in T 7 was showed statistically identical fresh and dry weight per plant with T 2 (AM), T 3 (CD), T 4 (P) T 5 (AM + CD) and T 6 (CD + P).
Root length
The result revealed that root length and fresh weight of red amaranth varied significantly (P≤0.05) by the effect of AM, CD and P ( Table 2 ). The highest root length and fresh weight was recorded from T 8 treatment (AM + CD +P) and the lowest length was recorded in T 1 (control). Root length of T 5 , T 6 and T 7 treatments were higher than T 2 , T 3 and T 4, respectively. This indicated that application of AM + CD, CD + P or AM + P always gave higher root length than individual application of AM, CD or P. Note: * Significant at 5%; ** significant at 1% level of probability; In a column, the figure(s) having same letter are not significantly different at 5% level of probability by DMRT. The treatment T 7 (AM + P) achieved comparatively higher root fresh weight than T 4 with phosphorus. No significant differences in root fresh weights were observed in T 3 (CD), T 4 (P), T 5 (AM + CD) and T 6 (CD + P) treatments. It is revealed from the results that AM application with phosphorus and CD exerted some effect on increasing the fresh weight of root per plant.
Correlation among growth and yield attributes of red amaranth
The correlation between different growth parameters of red amaranth are shown in table 3. In the present experiment, shoot fresh weight (yield) was significantly positive correlated with plant height, shoot diameter, leaves number and root length (P≤0.01). Also, most of the plant characters were strongly correlated among themselves.
Effect of AM, cowdung and phosphorus on growth and yield contributing characters of Indian spinach Plant height and diameter
The plant height and diameter of Indian spinach was positively influenced by the application of AM and CD with P (Table 4 ). Significant variation was observed in Indian spinach at 50, 80 and 110 days after sowing (DAS). The highest plant heights were recorded in T 8 treatment (AM + CD + P) which were higher than all other treatments. At 50 DAS, the second highest plant height was noted in T 7 treatment (AM + P) which was identical with T 3 (CD), T 5 (AM + CD) and T 6 (CD + P) treatments. At 80 DAS, application of AM and cowdung (T 5 treatment) produced the second highest plant height that was statistically identical with T 3 (CD), T 6 (CD + P) and T 7 (AM + P). But at 110 DAS, the same treatment (T 5 ) gave the second highest plant height which was identical with T 6 (CD + P) and T 8 (AM + CD + P). The lowest plant heights were found in control treatment.
At 50 DAS, the shoot diameters were found in T 8 (AM + CD +P) and in T 7 (AM + P) treatments which were comparatively higher than all other treatments but statistically identical with all the treatments except control treatment. At 110 DAS, the treatment T 8 (AM + CD + P) produced highest shoot diameter and T 7 (AM + P) and T 5 (AM + CD) gave same shoot diameter. The treatments T 8 , T 7, T 6, T 5 and T 2 gave statistically similar results. At 80 DAS, the maximum shoot diameter was obtained where plants were treated with AM, CD and phosphorus that was statistically identical with all the treatment except T 4 with phosphorus and control treatment. Application of AM with CD achieved shoot diameter which was higher than T 3 without AM at 80 DAS but statistically similar. When AM was used in T 2 , it gave better response to control treatment.
Number of leaves per plant
The number of leaves per plant was statistically significant (P≤0.01) due to application of AM, CD and P at three stage of harvesting (Table 4 ). The maximum number of leaves per plant were obtained with application of AM, CD and P combinedly which was superior to all other treatments. At 110 DAS, combined application of CD and phosphorus in T 6 treatment achieved the second highest number of leaves per plant which was identical with T 7 (AM + P) but different from all other treatments. In three stages of harvesting, control gave the lowest number of leaves per plant than the treatments treated with AM biofertilizer. Application of arbuscular mycorrhiza with CD in 50 and 80 DAS obtained higher response than the treatment treated without arbuscular mycorrhiza but found statistically identical result at 110 DAS.
At 50 DAS, T 6 (CD+ P) produced number of leaves per plant which was higher than T 3 (CD). At 80 DAS, application of CD with phosphorus achieved numbers of leaves per plant which was higher than the results found in T 4 with phosphorus but statistically identical with T 3 where CD was used without phosphorus. Application of CD with arbuscular mycorrhiza in T 5 produced higher value than the treatment treated with AM but statistically similar with T 3 (CD) at 110 DAS.
Shoot fresh weight
Shoot fresh weight of Indian spinach was influenced significantly (P≤0.05) by the application of AM, phosphorus and CD (Table 4 ). The maximum shoot fresh weight was recorded in T 8 (AM + CD + P) plants at 50 DAS, 80 DAS and 110 DAS which was identical to T 7 (AM + P). At each stage of harvesting, the shoot fresh weights of Indian spinach gave better response with the application of AM and P in T 7 than the plants was treated without AM in T 4 , respectively. Application of AM in T 2 produced shoot fresh weights which were much higher than control treatment. Application of CD was significantly influenced the shoot fresh weight of Indian spinach.
Shoot dry weight
Shoot dry weight of Indian spinach was significantly (P≤0.01) influenced by arbuscular mycorrhiza, CD and phosphatic fertilizer (Table 4) . Maximum dry weight was recorded in T 8 treatment (AM + CD + P) at 50, 80 and 110 DAS. At 50, 80 and 110 DAS, the shoot dry weights were found in T 7 (AM + P) which were statistically higher than T 4 (P). Application of arbuscular mycorrhiza with CD produced the shoot dry weights in T 5 which were higher than the value found in T 3 (CD) at 50, 80 and 110 DAS, respectively. Application of AM in T 2 produced dry weight which was statistically higher than control treatment at 50 DAS. Same indication was observed at 80 and 110 DAS.
Root length at 110 DAS
The result revealed that root length of Indian spinach did not vary significantly (P≤0.01) by the effect of AM, CD and P (Table 5) . With respect to root length, the highest length was recorded from T 8 treatment (AM + CD + P) and the lowest length was recorded in T 1 (control). Statistically there were no differences among root lengths of T 5 (AM + CD), T 6 (CD + P) and T 7 (AM + P) treatments. Note: ** Significant at 1% level of probability; NS = Not significant; In a column, the figure(s) having same letter are not significantly different at 5% level of probability by DMRT.
Root fresh and dry weight at 110 DAS
The result showed that root fresh and dry weight of Indian spinach varied significantly (P≤0.01) by the application of AM, CD and P (Table 5 ). The highest root fresh and dry weight was recorded in T 8 treatment where AM, CD and P were applied which was statistically identical with the result found in T 7 (AM + P) and T 5 in case of dry weight only. Control treatment produced the lowest root fresh and dry weight. Application of AM in T 2 achieved comparatively higher root fresh and dry weight per plant than control. Use of AM with CD in T 5 achieved higher fresh weight value than the plants was treated without arbuscular mycorrhiza in T 3 . Application of CD with phosphorus in T 6 produced root fresh and dry weight which was statistically similar with the root fresh weight found in T 4 without CD.
Correlation among growth and yield attributes of Indian spinach
The correlation between different growth parameters at 110 DAS are shown in Table- 6. In the experiment shoot fresh weight (yield) was significantly positive correlated with plant height, shoot diameter, leaves number, root length and root fresh weight. Also among the growth parameters there were found positive correlations. 
DISCUSSION
Different growth parameters such as plant height, plant diameter and number of leaves per plant are positively correlated with the yield of red amaranth and Indian spinach. The present study revealed that AM inoculants had significant effect on plant growth of red amaranth and Indian spinach. Similar finding was reported by (Karagiannidis et al. 2002) in tomato and egg plants, (Ergin & Gülser 2016) in lettuce and (Caglar & Akgun 2006) in three Pistacia species, who found that mycorrhiza treatment increased plant growth compared to control. Results indicated that application of cowdung with phosphorus fertilizer increased the plant height, diameter and number of leaves. This result was supported by Wang et al. (2006) and Jin et al. (1996) where they reported that application of cattle manure resulted in an increase of plant height. Bargali (2006) observed the effect of AM inoculation on growth performance of Indigofera heterantha at seedling stage. He found that arbuscular mycorrhiza fungi inoculation resulted in 5.9 cm increment in shoot length and with increasing time the positive effect of AM fungi inoculation was also increased. From the results stated above suggested that AM biofertilizer along with phosphorus and cowdung application exert positive effect on plant height of red amaranth and Indian spinach.
Mycorrhizal inoculation improved higher shoot diameter in AM inoculated seedlings than in non-inoculated seedlings (Giri et al. 2005) . The shoot diameter of Indian spinach was always higher in the treatments where cowdung was applied with phosphorus or AM than individual application of CD or P or AM. Similar result was reported by Subhan (1988) that application of organic manure increased the head diameter of cabbage. The result showed that the plant diameter of red amaranth and Indian spinach was significantly influenced by the effect of AM biofertilizer, cowdung and phosphorus (Guo et al. 2006) .
It is revealed from the results that AM along with phosphorus and cowdung application exerted significant effect on increasing the number of leaves per plant. Similar result was found by (Lins et al. 2006) in Leucaena leucocephala (Lam.) and (Samanhudi et al. 2014) in ginger.
Shoot fresh weight and dry weight of red amaranth and Indian spinach was also influenced significantly by the application of AM, phosphorus and CD. Shoot fresh and dry weight was increased by AM colonization (Tawaraya et al. 2006) . The shoot dry weight was increased with AM inoculation (Andersen & Andersen 2006) and the increasing rate of manure (Asghari et al. 2015) . Under nursery conditions mycorrhizal inoculation improved growth of Glomus fasciculatum, G. macrocarpum and Cassia siamea seedlings. Shoot dry weight was higher in mycorrhizal than non-mycorrhizal plants (Giri et al. 2005) .
Arbuscular mycorrhiza fungi inoculation resulted in 1.9 cm increment in root length and with increasing time the positive effect of AM fungi inoculation also increased in Indigofera heterantha at seedling stage (Bargali 2006 ) Similar result was found in the present study that AM application increased root length of red amaranth and Indian spinach significantly. It is also revealed from the results that AM application with phosphorus and cowdung exerted some effect on increasing the fresh weight of root per plant. Similarly, (Akkopru & Demir 2005) observed that arbuscular mycorrhizal fungus (AMF) Glomus intraradices increased morphological parameters (fresh root weight). The application of organic manure increased the yield of the vegetables compared to vegetables applied with chemical fertilizers (Yan & An-cheng 2004) .
In present study, most of the plant characters were strongly correlated among themselves. Similarly, Sarkar et al. (2002) reported that correlation coefficient studies showed high correlation between yield and root weight, shoot length and shoot fresh weight. Also (Solaiman 1999) found positive correlation among mungbean growth, N uptake and yield parameters. Similar correlations were observed by Begum (2004) .
CONCLUSION
From the above findings, it may be concluded that application of arbuscular mycorrhiza biofertilizer along with cowdung and phosphorus observed better performance on growth, yield. The study ventilated that AM use as a biofertilizer and cowdung as organic manure for production of red amaranth and Indian spinach reduced phosphatic fertilizer uses which ultimately reduced our cost.
